In the past few years many interesting developments have come from studies using the electron microscope. Some of these new methods and discoveries already have a clinical application, others offer a hope of clinical applications and developments in the future. This account will be restricted to work published since 1965.
Capabilities and Limitations
Though its appearance is impressive and its cost considerable, an electron microscope is basically simple: like an optical microscope tumed upside-down, using electrons instead of light. The source of electrons is a V-shaped tungsten filament, which is heated to incandescence. Any incandescent filament gives off both light and electrons. In the conventional microscope lamp the light is used and the electrons just sit in a close cloud around the filament; in the electron microscope the light goes to waste and the electrons are propelled downwards by the application of a high voltage, usually between 25 and 100 kV. Electrons are soon stopped by air, so the microscope has to be evacuated to a vacuum of 10-torr. Instead of glass lenses, the electron beam is focused and the image formed by strong magnetic fields. Most electron microscopes have five or six lenses: one corresponding to the lamp lens, in the optical microscope, and one to the substage condenser; an objective, and a projector (corresponding to the eye-piece in the optical microscope); and one or two others, between the objective and projector, are used to vary the magnification-between about 500 and 200,000 times-of the final image on the fluorescent screen ( Figs. 1 and 2 ). The high voltage and lens currents have to be very closely stabilized, to better than one part in 100,000: and it is largely this requirement for very high electronic stability, together with the requirement for -the high vacuum, which make the instrument so expensive. Nevertheless, despite their cost, electron microscopes are now commonplace and no longer the status symbol they once were.
A limitation, overcome by the development about twenty years ago of techniques for cutting ultra-thin sections, is the poor penetrating power of electrons; to show fine detail the object must be less than 0-1 ,um thick. Recently, megavolt electron microscopes of vast cost, with a beam capable of penetrating a 1 ,um section, have become available, but, though useful to metallurgists, their contribution to biological knowledge has so far been small.
RESOLVING POWER
The resolving power of a microscope is limited to about half the wavelength of the radiation used. The wavelength of green light is about half the diameter of a staphylococcus and so limits the resolving power of the optical microscope to about 0.25 ,um; about half this (0-12 ,um) can be achieved with ultraviolet light and quartz microscope lenses. The wavelength of an electron beam is about 1/20th the diameter of a small atom, and so for practical purposes is not the factor limiting resolution in the electron microscope. Here the limiting factors are mechanical and lens current instability, spherical aberration in the lenses, and "noise."
All top-grade electron microscopes are now capable of an average resolving power of about 6-7 A (0-7 nm) over 'MARCH 1972 we could command resolution of this order the coiling of polypeptide chains in protein molecules would be clearly visible. Very low voltage (4-6 kV) electron microscopes might allow higher contrast, and so better resolution of biological materials, but there are technical difficulties in making them and they have not been produced commercially. Even using negative contrast staining, about 1-2-1-5 nm is the best resolution we can get on biological material; and a useful resolution of better than 20-30 nm is rarely obtainable with sections.
Diagnosis of Virus Diseases
When it was first invented it was hoped that the electron microscope would be as useful for the diagnosis of virus disease as is the optical microscope for diagnosing bacterial disease. But just as the application of optical microscopy had to wait for the invention of the right methods by Gram, Ziehl and Neelsen, Ehrlich, and others, so with the electron microscope useful applications had to await the right techniques. There is no Gram stain for viruses, or indeed for electron microscopy, but the invention of negative staining showed that some groups of viruses have characteristic and easily recognizable surface structures. Among these, fortunately, are the pox viruses and also the herpes viruses, including chickenpox and herpes febrilis. Electron microscopy had Other Virus Diseases The virus of molluscum contagiosum is also easily detected; particles are found in enormous numbers in the cheesy material which can be expressed from the centre of the lesions. They resemble vaccinia and smallpox particles, but may be distinguished by the greater length of the protein filaments upon their surface. In practice, the clinical distinction between molluscum and smallpox is rarely difficult.
Subacute granulomatous lesions on fingers of people handling sheep may be due to the virus of orf, or contagious pustular dermatitis. In negatively stained material scraped from these lesions electron microscopy shows beautiful paravaccinia particles, each covered with a thread wound helically round it.
They have a cross-gartered appearance in the electron microscope (Fig 5) , because the electron beam passes right through the object, and as the depth of focus is considerable images of both sides of the object are superimposed. If In the same journal, Gardner et al.9 reported the isolation, using tissue cultures of "Vero" cells (a line of cells from African Green monkey kidney) of a very similar virus which they had detected in the urine of a patient bearing a kidney graft. (Figs. 8 and 9 ). This virus is biologically very closely similar to polyoma virus, though it differs from it serologically. It remains to be seen just how important this new virus may be. It is already well established that patients with grafts, on immunosuppressive drugs, are at a greater risk of lymphosarcoma than the population at large. Patients on immunosuppressive drugs are, of course, specially susceptible to all sorts of opportunistic viruses, and some of these might be carcinogenic, though none has yet been proved to be so. Among tumours caused by viruses, mice have a mammary cancer initiated by the virus discovered by Bittner, which is transmitted in the mother mouse's milk. Sometimes the milk contains enormous numbers of these particles. Female mice, if suckled on carrier mothers, get the cancer when they become sexually mature; so do males, but only when castrated and given oestrogens. "High-cancer" strains of mice exist, in which nearly all the females secrete the virus in their milk. Parsees are an in-bred, self-contained community and have a significantly higher incidence of breast cancer than does the surrounding Indian population. These particles from human sources resemble closely those found in mouse mammary tumours, and sera from women whose milk contains these particles appear to neutralize mouse mammary virus. This interesting paper by Moore and his colleagues has yet to be confirmed by others, as I write, but I give it here as another recent and perhaps very important application of electron microscopy.
Electron Miscroscopic Histology as an Aid to Diagnosis Electron microscopy of ultra-thin sections has yielded an enormous amount of basic information about the structure of cells and tissues, and about pathological processes-far too much to relate here. One application has, however, been used for the accurate diagnosis and hence treatment of renal disease: the electron microscopy of the glomerulus (Fig. 10) . In a nephrotic glomerulus the foot-processes of the epithelial cells can be seen to have fused along the basement membrane of the capillary. This change is quite characteristic and is a useful aid to diagnosis of nephrosis in children (Fig. 11) Fig. 10 x 2,100; bar = 10 ut) Scanning Electron Microscope Solid objects can be studied, using the conventional electron microscope, by making replicas of their surfaces. To do this, a thin layer of plastic or carbon is evaporated on to the object, and the object itself is dissolved; or the applied layer-the replica-is stripped off and examined in the microscope. The technique is tedious, often difficult, and is timeconsuming. It has the advantage that high resolution (1-2 nm) is obtainable on some specimens. But for specimens with very rough surfaces it is almost impossible. The scanning electron microscope is the answer. It works quite differently from the transmission microscope. A very fine beam of electrons from a heated tungsten filament is focused to a minute point and made to scan a small area of the surface of the specimen by magnetic scanning coils in just the same way as an electron beam is made to scan the face of a television tube. Secondary electrons scattered from the surface scanned by this pin-point beam are collected and amplified. This amplified current is used to modulate the brightness of a television tube, which is scanned in synchrony with the beam scanning the object in the microscope (Fig. 12) . The result is a magnified image of the surface scanned; if the object it tilted one way and then the other, successive pictures can be viewed together to give a stereo image. And, in any case, the scanning electron microscope gives a strong three-dimensional effect, even in a single picture. Sometimes the pictures are most dramatic. Some recent applications have been in the investigation and diagnosis of blood diseases -abnormal erythrocytes are easily recognized by the scanning microscope."3 Scanning electron microscope pictures have been published lately in many journals, so one is not reproduced here. Excellent examples appeared on the cover of the 7ournal of Clinical Pathology in November 1970, and in the same journal in November 1971.
